We model the secular evolution of a star's orbit when it has a nearby binary system. We assume a hierarchical triple system where the inter-binary distance is small in comparison with the distance to the star. We show that the major secular effect is precession of the star's orbit around the binary system's centre of mass. We explain how we can obtain this precession rate from the star's radial velocity data, and thus infer the binary system's parameters. We show that the secular effect of a nearby binary system on the star's radial velocity can sometimes mimic a planet. We analyze the radial velocity data for ν-octantis A which has a nearby companion (ν-octantis B) and we obtain retrograde precession of (−0.86 ± 0.02)
INTRODUCTION
Most extra-solar planet detections rely on measuring the parent star's wobble which is assumed to be caused by a planet. However, other effects can cause stellar wobble thus it is important to study these in order to avoid erroneous new planet announcements, as it already happened in the past (Queloz et al. 2001; Santos et al. 2002) .
In previous articles (Morais & Correia 2008 , we studied the short-term effect of a binary system on a star's motion. We saw that this could mimic a planet companion to the star under some circumstances. In these articles, we considered moderately close binary systems (≥ 10 AU) in which the star's motion around the binary's centre of mass had periods of several decades. Moreover, we realistically assumed that we had observational data for only a fraction of this period, and not several orbits.
Here, we will present another scenario that requires a different analysis. We consider a star with a close binary system (< 5 AU) and we assume that the observational data covers a few periods of the star's motion around the binary system's centre of mass. We will show that, in this case, we have to take into account secular effects which lead to slow precession of the star's orbit.
In Sect. 2 we present the secular theory for hierarchical triple star systems composed of a star and a nearby binary. In Sect. 3 we show how we can measure the secular precession of the star's orbit from radial velocity data and how we can predict the binary system's parameters from this measurement. In Sect. 4 we apply the results from previous Sections to fictitious hierarchical triple star systems. In Sect. 5 we discuss the reported finding of a planet in the binary system ν-Octantis. In Sect. 6 we present our conclusions.
SECULAR THEORY FOR HIERARCHICAL TRIPLE STAR SYSTEMS
We consider a triple star system composed of an observed star, m2, and a nearby binary of masses m0 and m1. We use the Jacobi coordinates r1 (distance of m1 to m0), and r2 (distance of m2 to the centre of mass of m0 and m1). Moreover, we assume that | r1| ≪ | r2| (hierarchical triple system).
Secular Hamiltonian
The Hamiltonian is (Lee & Peale 2003; Farago & Laskar 2010 )
where the 1st term describes the Keplerian motion of m1 with respect to m0 (inner binary), the 2nd term describes the Keplerian motion of m2 with respect to the centre of mass of m0 and m1 (outer binary), and
where G is the gravitational constant, the distance of m2 to m0 is r02 = r2 + m1 m0 + m1 r1 ,
and the distance of m2 to m1 is r12 = r2 − m0 m0 + m1 r1 .
Expanding 1/r02 and 1/r12 in powers of ρ = r1/r2, and retaining terms up to order ρ 2 , we obtain the quadrupole
wherer1 andr2 are the versors of r1 and r2, respectively. The secular quadrupole Hamiltonian is obtained by averaging Eq. (5) with respect to the inner and outer binary's orbital periods (Farago & 
k2 andk1 are, respectively, the versors of the angular momentum vectors of outer binary ( G2) and inner binary ( G1), andî1 is the unit vector in the inner binary's orbital plane that points towards the inner binary's pericentre.
In an arbitrary reference frame we havê
with I1 (inner binary's inclination), I2 (outer binary's inclination), Ω1 (inner binary's longitude of ascending node), Ω2 (outer binary's longitude of ascending node), ω1 (inner binary's argument of pericentre). Kozai (1962) ; Krymolowski & Mazeh (1999); Ford et al. (2000) write the Hamiltonian in the invariant plane reference frame (Fig. 1) . In this reference frame, Ω1 − Ω2 = 180
• , and the relative inclination is i = I1 + I2, thus
and due to conservation of angular momentum
Secular equations
The Delaunay canonical variables for this triple system are the angles lj (mean anomalies), ωj (arguments of pericentre), Ωj (longitudes of ascending nodes), and their conjugate momenta, respectively
with j = 1 (inner binary) and j = 2 (outer binary),
By definition, the secular Hamiltonian does not depend on the mean anomalies, lj , hence their conjugate momenta, Figure 1 . The invariant plane is orthogonal to the total angular momentum vector G = G 1 + G 2 , where G 2 and G 1 are, respectively, the angular momentum vectors of the outer and inner binary's.
Lj, and thus the semi-major axes, aj , are constant. The secular evolution is obtained froṁ
The quadrupole Hamiltonian (Eq. 6) does not depend on ω2 hence from Eq. (17) with j = 2, G2 and e2 are constant. Kozai (1962) and Kinoshita & Nakai (2007) derived expressions for the secular evolution of the inner binary in the limit m1 = 0 (inner restricted problem), using the quadrupole Hamiltonian. In this case, the outer binary's orbit coincides exactly with the invariant plane which is the natural choice of reference frame. The Hamiltonian is given by Eq. (10) 1 and the secular evolution of the inner binary i.e. (e1, ω1) are given by Eqs. (17) and (18) with j = 1. Moreover, the secular oscillations of e1 and i are coupled due to conservation of angular momentum (Eq. 11) 2 . Following Kozai (1962) and Kinoshita & Nakai (2007) we will describe the secular dynamics of prograde orbits (0 • < i < 90 • ) but since Eq. (10) is invariant with respect to the transformation i → 180
• − i, the secular dynamics is the same for prograde (inclination i) or retrograde (inclination 180
• − i) orbits. When 0 < i < ic ≈ 40
• , ω1 circulates 1 When m 1 = 0 we must replace β 1 = 1 (Eq. 15) into Eq. 7 (Kozai 1962) . Note that there is a mistake in the expression given in Kinoshita & Nakai (2007) since it should have a 2 1 and not a 2 2 in the nominator.
while the eccentricity, e1, and relative inclination, i, exhibit secular oscillations with amplitude that increases with the relative inclination (in particular, coplanar orbits keep constant eccentricity, e1). When i > ic ≈ 40
• , there are stationary solutions (i = const, e1 = 1 − (5/3) cos 2 i = const, ω1 = ±90
• ), and Kozai cycles where i, e1 and oscillate around the stationary solutions. Farago & Laskar (2010) showed that the secular motion of the inner binary when 0 ≤ i ≤ 90
• (prograde orbits) is, in the general problem (m1 = 0), equivalent to the inner restricted problem (m1 = 0), as long as
Defining X = L2/L1, we can write Equation (21) (22) is a second degree polynomial in X which is a convex function with two roots X1 < 0 and 5/2 ≥ X2 > X1. Therefore, inequality (Eq. 21) is verified if L1/L2 < 2/5 which is generally true if a1/a2 ≪ 1 (hierarchical system) unless m0 + m1 ≫ m2.
Equations (17) and (18) with j = 2 describe the secular evolution of the outer binary's eccentricity and argument of pericentre. We saw that the secular quadrupole Hamiltonian (Eq. 6) does not depend on ω2, hence from Eq. (17) with j = 2, the conjugate momentum, G2, and thus the eccentricity, e2, are constant. From Eq. (18) with j = 2 we obtain the outer binary pericentre's precession ratė
Higher order secular octupole terms cause long-term small amplitude oscillations in e1 and e2, which are more important for small to moderate values of the relative inclination, i (Krymolowski & Mazeh 1999; Ford et al. 2000; Lee & Peale 2003) .
Precession of the outer binary's orbit
The outer binary's precession rate (Eq. 23) depends on the secular motion of the inner binary. Moreover, in the invariant reference frame (Fig. 1) we have
Since a1 ≪ a2 (hierarchical system) then, in general, G1 ≪ G2 (unless m0 + m1 ≫ m2) thus sin I2 ≪ 1 i.e. the outer binary's motion coincides approximately with the invariant plane. Therefore, we express the right hand side of Eq. (23) using the reference plane of the outer binary's orbit, i.e. setting I2 = 0 and I1 = i in Eqs. (8), (9) thus obtaininġ
where θ = cos i. Equation (25) is an approximation of the precession rate,ω2, because the outer binary's orbit is not fixed but exhibits small amplitude oscillations around the invariant plane. The angle ω1 on the right hand side of Eq. (26) is measured with respect to the outer binary's orbit or, equivalently, with respect to the invariant plane 3 . This formulation is necessary in order to describe the motion of the inner binary (Kozai 1962; Kinoshita & Nakai 2007; Farago & Laskar 2010) . However, the angle ω2 represents the location of the outer binary's periapse with respect to the intersection with the observer's plane (when dealing with radial velocity data, this is the plane orthogonal to the line of sight). Wu et al. (2007) . Typically, if e1 becomes close to unity during a Kozai cycle, a combination of tidal evolution and relativistic effects will eventually disrupt the Kozai cycle and freeze the relative inclination, i. This will be followed by tidal damping of the semi-major axis, a1, and eccentricity, e1. The end state of a Kozai cycle that reaches e1 ≈ 1 will be a tighter inner binary (smaller α = a1/a2) on a circular orbit. Obviously, if α ≪ 1 then, asω2 ∝ α 2 n2, the precession of the outer binary's orbit will be slow thus difficult to detect from observational data. On the other hand, orbits nearby the Kozai stationary solution are less prone to undergo tidal evolution and should keep the original value of α.
We will, therefore, assume three scenarios for the inner binary's motion in the invariant plane reference frame :
• i < ic whereē1 andθ are average values of the secular oscillations in e1 and θ, respectively. If e1 = 0 then ω1 circulates and we have, on average,Ā = (1/2 + 3ē
• i > ic but the inner binary's orbit was initially a high amplitude Kozai cycle that was circularized by tidal damping. In this case we also have A = (3 θ 2 − 1)/2. • i > ic and the inner binary is at the Kozai stationary solution with ω1 = ±90
• and θ 2 = 3 (1 − e 2 1 )/5. In this case
In all scenarios above the precession rate,ω2 is approximately constant.
In Fig. 2 we plot the normalized precession rate, A given by Eq. (26), when e1 = 0 and at the Kozai stationary solution. We see that when e1 = 0, precession is prograde when i < 54.73
• and retrograde when i > 54.73
• . At the Kozai stationary solution, which exists only when i > ic ≈ 40
• , precession is retrograde when i > 45
• . Figure 2 shows the normalized precession rate, A, for 0
• < i < 90
• (prograde orbits). However, we saw previously that Eq. (10) is invariant with respect to the transformation i → 180
• − i, hence the precession rate (Eq. refatheta) is the same for prograde (inclination i) or retrograde (inclination 180
We performed numerical integrations of the equations of motion of hierarchical triple star systems with parameters m2 = M⊙, a2 = 3.0 AU, e2 = 0.2, and initial angles I2 = 0
• , Ω1 = Ω2 and ω1 = 90
• . The inner binary had m1 = 0.08 M⊙ and m0 = 0.42 M⊙, semi-major axis ratio α = a1/a2. We chose two configurations: (i) i = 0 and e1 = 0.01 (coplanar nearly circular orbit); (ii) i = 60
• and e1 = 0.76 (Kozai stationary solution). In Fig. 2 we show the comparison between the theoretical precession rates and the values obtained in the simulations (up to 100 yrs). We see that the quadrupole approximation becomes less accurate when we increase the semi-major axis ratio α. This could be due to truncation of the Hamiltonian at order α 2 , or it could be due to inaccuracies of the first order secular theory (Giuppone et al. 2011) . These results do not vary much with other choices for the masses m0 and m1, as long as m b = m0 + m1 is kept constant.
ORBITAL PRECESSION IN RADIAL
VELOCITY DATA
Measuring precession rates
The radial velocity of a star, m2, with a close binary system,
where Vrst are short period perturbation terms obtained in Morais & Correia (2011) ,
with
and ω2 changes linearly with time (Sect. 2.3), i.e. ω2 = ω20 +ω2 t .
The precession of the star's orbit can be inferred from the radial velocity curve mostly due to the term ∝ e2 in Eq. (28). Typically, the observation timespan, t obs , is much shorter than the precession cycle, thus if ω20 = 0, 180 
with t ≤ t obs . Hence, Eq. (28) is approximately a Keplerian radial velocity curve whose amplitude has a linear drift which is at most (ω20 = 90
• , 270
If ω20 = 0, 180 • , the radial velocity curve's amplitude has a quadratic drift K e2 (ω2 t obs ) 2 /2. In order to measureω2 with accuracy, two conditions must be met. First, the drift (Eq. (32)) must be larger than the observation's precision. Second, the observation timespan, t obs , must be a few outer binary's periods so that we can distinguish the secular drift,ω2 t obs , from short period oscillations, ∆ω (Morais & Correia 2011) , i.e. we must havė ω2 t obs ≫ ∆ω (see Fig. 3 ). These two conditions help us predict when can we measure accurately the outer binary's precession rate. However, in practice we estimateω2 by fitting a precessing Keplerian orbit (Eqs. 28 and 30) to the radial velocity data.
Estimating inner binary parameters
We saw that (Eqs. (23) and (26))
where
Therefore, we can use the measured precession rate,ω2, to estimate the parameters of an hidden binary (i.e. m1 and a1) through the quantity x(1 − x) a 2 1 . However, since A is a function of θ = cos i which is unknown, we have to make some assumptions. From Fig. 2 in Sect. 2.3 we see that prograde precession is faster when i = 0 and that, if the inner binary is at the Kozai stationary solution, retrograde precession occurs if i > 45
• and it is faster when i = 90
• . As orbits with high relative inclination, i, will reach values of e1 near unity, these are likely to become unstable or undergo tidal evolution, hence we set a maximum value of i = 60
• . Therefore, ifω2 > 0 we assume that i = 0 and e1 = 0; ifω2 < 0 we assume i = 60
• and e1 = 0.76. These assumptions imply maximum precession rates 4 (in absolute value), thus they give us minimum estimates for the parameter x(1 − x) a 2 1 . In order to estimate the hidden inner binary component's mass, m1, we must provide an estimate for the inner binary's semi-major axis, a1. Holman & Wiegert (1999) measured the size of stability regions around binary star components. They assume a massless particle orbiting in the binary system's plane and find that this is stable if a1 ≤ ac 
where a2 and e2 are, respectively, outer binary's semi-major axis and eccentricity, and mass parameter µ = m2/(m2 + m b ).
EXAMPLES
To test our model, we performed numerical integrations of the equation of motion of hierarchical triple systems composed of a star, m2, and a close by binary, m b . We chose masses m2 = M⊙ and m b = 0.5 M⊙, and semi-major axes a2 = 3 AU and a1 = 0.3 AU, which imply periods T2 = 4.24 yr for the outer binary and T1 = 84.9 day for the inner binary, and semi-major axis ratio α = a1/a2 = 0.1. The initial angles were I2 = 90
• . We computed the radial velocity of the star m2, and simulated observational data points for a timespan, t obs , and a certain precision limit. We then applied the traditional techniques used in radial velocity data analysis.
Measuring precession rates
To test in which circumstances we are able to measure the outer binary's precession rate we set the outer binary on an eccentric orbit (e2 = 0.2).
Case I is a coplanar triple system (i = 0 i.e. I1 = I2 = 90
• ) where the inner binary has masses m0 = 0.42 M⊙ and m1 = 0.08 M⊙, and a nearly circular orbit (e1 = 0.01). In 4 However, if e 1 = 0, the precession rate at i = 0 increases by a factor 1 + 3 e 2 1 /2 with respect to e 1 = 0. Fig. 3 (top) we see that since t obs = 8 yr, ∆ω >ω2 t obs . The maximum radial velocity drift over t obs is 18.6 m/s. At precision 5.425 m/s (A) the observation error is 29% of the maximum drift. Therefore, fit (1) is only slightly better than fit (0). However, at precision 1.085 m/s (B) the observation error is only 6% of the maximum drift, thus fit (1) is clearly better than fit (0). The theoretical value (quadrupole approximation) for the precession rate isω2 = 0.093 • /yr while the true value (simulations up to 100 yrs) isω2 = 0.089
• /yr. Case II has an inner binary with masses m0 = 0.35 M⊙ and m1 = 0.15 M⊙, with i = 60
• (i.e. I1 = 30
• and I2 = 90 • ) and e1 = 0.76 (Kozai stationary solution). In Table 2 we show the results of fitting a fixed Keplerian orbit (fit 0) or a precessing Keplerian orbit (fit 1) to data time series with 99 points over t obs ≈ 6 yr (C), and to data time series with 154 points over t obs ≈ 12 yr (D), both at precision of about 5 m/s. The maximum radial velocity drifts over 6 yr and 12 yr are, respectively, 31 m/s and 62 m/s, which correspond to observation errors of, respectively, 16% and 8% of the maximum drift. From Fig. 3 (bottom) we see that when t obs = 6 yr, ∆ω ≈ω2 t obs while when t obs = 12 yr, ∆ω ≪ω2 t obs . Therefore, when t obs = 6 yr (C), fit (1) is slightly better than fit (0) but when t obs = 12 yr (D), fit (1) is clearly better than fit (0). The theoretical value (quadrupole approximation) for the precession rate iṡ ω2 = −0.272
• /yr while the true value (simulations up to 100 yrs) isω2 = −0.238
• /yr.
Estimating inner binary parameters
We simulated triple systems as described above with the observed star on an eccentric orbit with e2 = 0.2 (outer binary) around an inner binary with masses m0 = 0.42 M⊙ and m1 = 0.08 M⊙, and semi-major axis a1 = 0.3 AU. had a nearly circular orbit (e1 = 0.01) and when i ≥ 40
• it had an eccentric orbit near the Kozai stationary solution 5 . In all cases t obs = 8 yr, and the precision limit was about 1 m/s.
In Table 3 we present the precession rates (theoretical and measured in the simulations) and the ratio between χ 2 of fit (1) and fit (0) which measures the goodness of fit (1) with respect to fit (0). As explained in Sect. 3.2, we obtain minimum estimates for the inner binary parameter, x(1 − x)a 2 1 with x = m1/m b (Eq. 33), assuming i = 0 and e1 = 0 whenω2 > 0, or i = 60
• and e1 = 0.76 whenω2 < 0 (cf. Fig. 2 ). We can then obtain minimum estimates for m1 assuming a1 = ac = 0.49 AU which is the maximum size of stable orbits (massless particle m1 ≪ m b ) around m0 ≈ m b in the coplanar case (see Eq. (34) with e2 = 0.2 and µ = 0.67). These estimates are all realistic (minimum mass of the hidden inner binary companion between 6 MJ and 27 MJ ) hence can be used as input parameters for a N-body fit which can provide best-choice values for m1 and a1.
Can precession mimic a planet?
Here, we repeat the question already made in Morais & Correia (2008 . If we do not know about the inner binary's presence because one of its components is unresolved, can the binary's effect be mistaken as a planet?
In Morais & Correia (2008 we showed that the residuals leftover from fitting a fixed Keplerian orbit to the outer binary (observed star's orbit around the inner binary's centre of mass) contained additional periodic signals that could be mistaken by planets. Here, we show an example of similar behavior obtained from the previous simulation (case II with t obs = 6 yr) in Fig. 4 (top) has an obvious peak at 606 day which is nearly commensurate (ratio 2/5) with the outer binary's period. However, this peak disappeared when we fitted a precessing Keplerian orbit to the outer binary (Fig. 4: middle) , and it was no longer prominent when we increased the observation timespan to t obs = 12 yr (Fig. 4: bottom) .
In Morais & Correia (2011) we studied the short term effect of a binary system on a nearby star in the case of eccentric and inclined orbits. We saw that, when the observed star's orbit (outer binary) was eccentric, the radial velocity was composed of a main Keplerian term that described the star's motion around the inner binary's centre of mass, and short-period terms (obtained by integrating with respect to time Eq. (34) in Morais & Correia (2011) ). In particular, some short-period terms appeared at harmonics of the outer binary's frequency, n2. However, in Morais & Correia (2011) we considered that t obs was only a fraction of the outer binary's period. In this situation, the outer binary's orbit was not well constrained and these harmonics were incorporated into the main Keplerian term. Now, as t obs covers a few outer binary's orbits, these harmonics will appear in the residuals leftover from fitting a fixed Keplerian curve to the outer binary. However, the observed star's orbit (outer binary) is, in fact, precessing and the precession rate,ω2, is approximately constant in the long-term but has short-term oscillations (see Fig. 3 ). If t obs covers only a few outer binary's orbits, these short term oscillations will cause mixing up of the frequencies thus the signals do not exactly coincide with harmonics of n2. In particular, combinations of these harmonics can appear (Fig. 4: top) . When we fit a precessing Keplerian orbit to the outer binary, as t obs is short compared to the precessional period, the signals at or nearby harmonics of n2 are incorporated into the precessing Keplerian orbit (Fig. 4: middle) . As t obs increases, the short period oscillations become negligible with respect to the secular terms (Fig. 4: bottom) .
If the observed star has a circular orbit then there is (1) to radial velocity data from simulation in Table 2 with t obs = 6 yr (top and middle, respectively) and after fit (0) to simulation in Table 2 with t obs = 12 yr (bottom).
no pericentre precession. When the inner binary's orbit is also circular but inclined (i < 40 • ) with respect to the outer binary 7 , the star's radial velocity is composed of a main Keplerian term (circular orbit with frequency n2) and short period terms (obtained by integrating with respect to time Eq. (21) in Morais & Correia (2011) ). In particular, there are signals at frequencies n2 and 3 n2. The term with frequency n2 is simply incorporated into the main Keplerian fit. However, the term with frequency 3 n2 can be mistaken 7 Due to the Kozai effect, when i > 40 • the inner binary's orbit cannot remain circular. "fourier.dat" Figure 5 . Periodogram of residuals after fit (0) to radial velocity data from simulation of circular non-coplanar triple star system composed of an observed star and a companion unresolved binary. Peaks at 46 day and 505 day can be mistaken by planets.
as a planet at the 3/1 mean motion resonance with a companion "star" of mass m b = m0 + m1. We simulated a triple system, as explained at the beginning of Sect. 4, with m1 = m2 = 0.25 M⊙, e2 = 0, e1 = 0 and i = 30
• . We generated radial velocity data with 154 points over t obs = 12 yr, at precision 0.543 m/s. In Fig. 5 we show a periodogram of the residuals leftover after fitting a Keplerian orbit to the outer binary. As expected, we see peaks at 505 day (frequency 3 n2, harmonic of n2) and 46 day (frequency 2 n1 −3 n2, short-period term as in Morais & Correia (2008) ) with amplitudes 1.7 m/s and 1.2 m/s, respectively. These can be mistaken as planets.
A PLANET IN ν-OCTANTIS?
The system ν-Octantis is a close single-line spectroscopic binary. Ramm et al. (2009) published radial velocity data consisting of 221 points covering a timespan t obs = 1862 day, with precision around 5 m/s (inferred from the published observation errors). Combining the radial velocity data with astrometric measurements, Ramm et al. (2009) derived improved parameters for the ν-Octantis binary (Table 4 ). The residuals leftover from fitting a Keplerian orbit to ν-Octantis show an additional signal, which Ramm et al. (2009) identify as a planet with minimum mass, 2.5 MJ , and semi-major axis, 1.2 AU, orbiting the primary star (cf. Table 4) . Moreover, the planet's period, 417 day, is nearly commensurate (ratio 2/5) with ν-Octantis binary system's period.
A planet about half way between the primary and secondary stars (semi-major axis ratio α = 0.47) is unexpected. In fact, according to Holman & Wiegert (1999) the stability limit for coplanar prograde orbits around the primary star is only ac = 0.6 AU (Eq. 34). Nevertheless, Eberle & Cuntz (2010) propose that such planet (ap = 1.2 AU) can be stable for at least 10 million years on a retrograde coplanar orbit.
In Table 5 we present the results of fitting the radial velocity data from Ramm et al. (2009) with a fixed Keplerian orbit (fit 0) and a precessing Keplerian orbit (fit 1). We see that fit (1) withω2 = −0.86 ± 0.02
• /yr is better than fit (0), although the difference is not yet very significant. However, as seen previously in Sect. 4.1, this could
T 2 = (1050.11 ± 0.13) day Tp = (417 ± 4) day K 2 = (7032.3 ± 2.6) m/s Kp = (51.8 ± 1.6) m/s e 2 = 0.2359 ± 0.0003 ep = 0.123 ± 0.037 Table 4 . Fitted parameters for ν-Octantis and possible planet (Ramm et al. 2009 ).
be due to the short observation timespan (t obs = 1.77 T2). In Fig. 6 we show the periodogram of the residuals after fit (0) and fit (1). After fit (0) there is a prominent signal at 417 day, while after fit (1) this signal is still present but it is no longer dominant and seems to be within the noise level. This is similar to the behavior described in Sect. 4.3. From Table 5 we see that although fit (1) is better than fit (0), the fit with a planet at 417 day is currently better. As explained above, this could be due to the short-observation timespan, or even due to the particular sampling of the radial velocity data. Moreover, the fit with the planet introduces additional five free parameters while fit (1) introduces only one more free parameter (ω2) which could also help explain why the fit with the planet seems better than fit (1).
We saw that retrograde precession occurs if the secondary star in ν-Octantis is in turn a binary system inclined more than 45
• with respect to the main binary's orbit (Fig. 2) . In this scenario, we saw that a periodogram of the residuals leftover from fitting a Keplerian orbit to the main binary could exhibit peaks that might be mistaken as planets. We saw that these peaks appeared close to harmonics of the main binary's orbital frequency. In particular, we showed an example (Sect. 4.3 and Fig. 4) where the fake planet's period is nearly commensurate (ratio 2/5) with the main binary's period which is exactly what happens in ν-Octantis. Therefore, we propose that a hidden binary system could mimic a planet similar to the one reported in ν-Octantis by Ramm et al. (2009) .
In order to estimate inner binary parameters that lead to retrograde precession of the outer binary at a rateω2 = −0.86
• /yr, we set a1 = ac = 0.35 AU (Eq. 34), i = 60
• and e1 = 0.76 (i.e. the inner binary is at the Kozai stationary solution). Replacing these in Eqs. (25) and (26) with a2 = 2.55 AU, m2 = 1.4 M⊙ and m b = 0.5 M⊙, we obtain estimates for the inner binary's masses of m1 = 0.23 M⊙ and m0 = 0.27 M⊙. In Table 5 we show the results of fitting a precessing Keplerian orbit (fit 1) and a fixed Keplerian orbit (fit 0) to such triple system (simulation I). We see that fit (1) is better than fit (0) and is comparable with the fit of a planet at 495 day. We can also estimate inner binary parameters by per- forming N-body fits to ν-Octantis radial velocity data. We assumed m2 = 1.4 M⊙, and fixed the outer binary's orbit at I2 = 70.8
• and Ω2 = 87
• which are the parameters inferred from the spectroscopic-astrometric solution (Table  4) . We present the best fit solution in Table 6 . Retrograde precession occurs because i = 122
• . Moreover, the best binary N-body fit (Table 6 ) is comparable to the Keplerian planet fit (Table 4) . Although this solution is unstable because a1 ≈ 1.5 ac, we can obtain "equivalent" stable configurations by reducing a1, while maintaining m b = 0.538 M⊙ constant, and increasing the ratio m1/m b , so that the Keplerian term and the quadrupole interaction term are both kept constant.
We performed a simulation of such a stable configuration with a1 = ac = 0.35 AU, m1 = 0.109 M⊙ and m0 = 0.429 M⊙. In Table 5 we show the results of fitting a precessing Keplerian orbit (fit 1) and a fixed Keplerian orbit (fit 0) to such triple system (simulation II). We see that fit (1) is better than fit (0) but fit (1) is better than the fit of a planet at 452 day. The values of the precession rate after fit (1), and both χ 2 and residuals (rms) after fitting the planet's orbit are almost equal to those obtained for the real system ν-Octantis (cf. Table 4) .
From Table 5 , as described above, we see that for simulated data the fit of a precessing Keplerian orbit is comparable (simulation I) or better (simulation II) than the fit of a planet, while in the real case (ν-Octantis) the fit of a planet is currently better than the fit of a precessing Kep- Table 5 . Fits to ν-Octantis (left) and simulations I and II (right). The radial velocity data in I and II was generated at the 221 observational data points for ν-Octantis, covering t obs = 5.1 y with precision about 5 m/s. Table 6 . Best N-body fit for ν-Octantis assuming hierarchical triple star system. lerian orbit. However, we stress that there are many more combinations of parameters (m0, m1, i and e1) that can cause a precession rateω2 = −0.86
ν-Octantis
• /yr, assuming that it is well constrained. Moreover, we expect our model to explain better the synthetic data generated with 3-body simulations than real data (ν-Octantis) where we could have other planets or even stellar variability.
A planet around the primary star in ν-Octantis can also cause precession of the main binary's orbit. However, our simulations show that coplanar retrograde planet orbits, as reported in Eberle & Cuntz (2010) , cause slow prograde precession of the main binary's orbit at a rate 0.04
• /yr. This is also what we expect from our quadrupole order theory (Eqs. 25, 26) although we do not expect it to be accurate at semi-major axis ratio α = 0.47. We saw (Sect. 2.3) that in order to have retrograde precession we would need the planet's orbit to be inclined more than 45
• with respect to the ν-Octantis binary. In our numerical integrations we could not find (although we did not do an exhaustive search) stable planet orbits at semi-major axis ratio α = 0.47 and with such high inclination with respect to the main binary.
CONCLUSION
We studied the effect of a binary system on a nearby star's motion. This is a complement of our previous work (Morais & Correia 2008 where we assumed that we had observations for a fraction of the star's orbit around the binary's centre of mass. Here, we assumed that we had observations for a few orbits of the star around the binary's centre of mass. We saw that, in this case, the secular effect of the binary dominates over the short-term effects.
We developed a secular theory which was based on a quadrupole expansion of the Hamiltonian. This is accurate for hierarchical triple systems composed of an inner binary, and a star that moves around this inner binary's centre of mass on a wider orbit which we called the outer binary.
We derived an expression for the outer binary's precession rate and showed that it is approximately constant. Therefore, the star's radial velocity can be modeled as a modified Keplerian radial velocity curve with slowly drifting amplitude. We then showed how we can measure the outer binary's precession rate by fitting a precessing Keplerian orbit to the radial velocity data. We also showed how we can estimate inner binary parameters from the measured precession rate.
We saw that, if we are unaware of the inner binary's existence and simply fit a non-precessing Keplerian orbit to the radial velocity data, a periodogram of the residuals will show peaks at or nearby harmonics of the outer binary's period which can be mistaken as planets. However, if we fit a precessing Keplerian orbit to the radial velocity data, these signals are no longer prominent in the leftover residuals. We conclude that detecting precession in the radial velocity data of a star within a binary system may be an indication that there is an unresolved third star.
We discussed the case of ν-Octantis which is a close binary system (2.55 AU) composed of a K-type star (ν-Octantis A) and a fainter companion (ν-Octantis B). Radial velocity data analysis showed a signal at 417 day which was identified as a planet at 1.2 AU of ν-Octantis A. However, we showed that the radial velocity data currently implied retrograde precession of about −0.86
• /yr for this binary system. We suggested that this may indicate that ν-Octantis B is actually a double star which could explain a signal similar to that previously associated with a planet. At the moment we cannot yet decide that the reported planet of ν-Octantis A is simply an artifact caused by ν-Octantis B being a double star. In order to distinguish between the two hypothesis (planet or double star), more radial velocity data for ν-Octantis is needed, so that we can better constrain the main binary's precession rate. Moreover, the planet hypothesis could be compatible with retrograde precession of the ν-Octantis binary if we could prove the existence of stable orbits around ν-Octantis A, with semi-major axis ratio α = 0.47 and inclined more than 45
• with respect to the ν-Octantis binary 8 .
